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1
METHOD FOR DRIVING AN AC MOTOR BY
TWO-PHASE ELECTRIC POWER AND
POWER GENERATION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This Non-provisional application claims priority under 35
U.S.C. § 119(a) on Patent Application No(s). 105104653
filed in Taiwan, Republic of China on Feb. 17, 2016, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND OF THE INVENTION

Field of Invention

The present invention relates to a method for driving an
AC motor and a power generation method, especially about
using two-phase alternating currents to drive an AC motor
and using the motor to generate power.

Related Art

Most conventional motors use multiphase currents to
drive coils of the stator, so as to generate a rotating magnetic
field inside the motor to drive the rotor to rotate. According
to different types and requirements of motors, the multiphase
currents could be square-wave currents or sine-wave cur-
rents. Brushless DC motors (BLDCM) usually use square-
wave currents to drive, while permanent magnet synchro-
nous motors (PMSM) or AC-induction motors usually use
sine-wave currents to drive. Square-wave (or trapezoidal-
wave) current driver generates larger magnetic field ripples
but has a relatively simple driver circuit. Sine-wave current
driver generates smaller magnetic field ripples so the motor
has a smoother rotation and lower noise, and so sine-wave
drivers are used in many applications with higher require-
ments.

For example, in a three-phase sine-wave driven perma-
nent magnet synchronous motor, the three-phase sine-wave
currents, with a 120-degree phase difference to each other,
drive three sets of coils of the motor and generate three sets
of magnetic fields (vectors) to combine into one set of
rotating magnetic field sum (vector sum). The rotor then
rotates with the combined magnetic field sum (vector sum).
But this kind of three-phase sine-wave driving method
implicitly generates some invalid and useless magnetic
fields (vectors) that are reverse to the direction of rotation
and cancel with other magnetic fields (vectors), which
results in the waste of power.

On the other hand, a typical conventional two-phase
motor uses two sine-wave currents with 90-degree phase
difference to drive a four-pole stator (i.e. with four sets of
stator teeth and coils, or with 90-degree stator pole pitch) to
generate a substantially no-ripple (or with the smallest
ripple) and steadily rotating magnetic field for its rotor. Due
to the characteristics of the two-phase sine-wave currents,
the two-phase motor must have four stator poles or the stator
pole pitch must equal to 90 degrees if a substantially
no-ripple (or smallest-ripple) rotating magnetic field sum is
required. And, if a two-phase four-stator-pole motor wants to
generate the same torque (or the same rotating magnetic
field strength) as a three-phase six-stator-pole motor with
sine-wave currents, it requires 1.5 times of power than that
for the three-phase six-stator-pole motor. Such low effi-
ciency nature has limited the application of the two-phase
motors.

Therefore, if we can design a method of driving a motor
with multiphase alternating currents and without generating
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2

any invalid magnetic fields (vectors), and still keep the same
rotating magnetic field sum (vector sum), then we can lower
the power consumption of a motor. Furthermore, if we can
design a method to drive a two-phase motor with more than
four stator poles or with a stator pole pitch smaller than 90
degrees, and generating substantially no magnetic field
ripples, and also with lesser driving power, then we can
greatly expand the applications of two-phase motors and use
them to replace the three-phase motors with lower cost.

SUMMARY OF THE INVENTION

To achieve the above subject, an objective of the present
invention is to provide a method for driving a two-phase or
multiphase AC motor with alternating currents to reduce the
invalid magnetic fields in the conventional motor, lower the
power consumption, and create a steady and substantially
no-ripple (or smallest-ripple) rotating magnetic field to drive
the rotor to rotate or move. It is also an objective to provide
a substantially no-ripple (or smallest-ripple) drive method
for a two-phase motor with more than four stator poles or
with a stator pole pitch smaller than 90 degrees. To make it
easier to understand, it is preferred to assume the motors in
the following descriptions use concentrated windings.

Another objective of the invention is to provide a motor
generator to generate power with two-phase currents and
with higher efficiency.

The invention discloses a method for driving an AC motor
using two-phase alternating currents. A controller with soft-
ware or hardware or software/hardware techniques is used to
generate at least two alternating currents with different
phases to drive the AC motor. The AC motor has a rotor, a
stator and at least two sets of stator coils, and the stator
generates a plurality of stator poles when the stator coils are
energized. The angular distance between two adjacent stator
poles is smaller than 90 degrees. The method comprising:
driving the two sets of stator coils by the two alternating
currents with different phases and generate two sets of
magnetic fields which combine into one set of magnetic field
sum so as to drive the rotor. The magnetic field sum
substantially has no ripples and its change rate of rotation
angle or movement is proportional to the change rate of the
phase angle of the two alternating currents, and each cycle
of each of the two alternating currents has a positive half
cycle and a negative half cycle. The positive half cycle
comprises a positive curved-triangle current waveform, and
the negative half cycle comprises a negative curved-triangle
current waveform. The phrase “substantially has no ripples”
represents that with theoretical ideal values it can be com-
pletely ripple free, and the said positive or negative curved-
triangle current represents a current waveform wherein the
rising slope and falling slope falls between a sine-wave
waveform and a triangle-wave waveform of the same peak
point. When the controller generates a multiphase output, at
any time only two phases of the multiphase output provides
currents to the motor.

The invention further discloses a method for driving an
AC motor which uses a controller with software or hardware
or software/hardware techniques to generate at least two
alternating currents with different phases to drive the AC
motor. The AC motor has a rotor, a stator and at least two
sets of stator coils. The stator generates a plurality stator
poles when the stator coils are energized, and the angular
distance between two adjacent stator poles is smaller than 90
degrees. The method comprising: driving the two sets of
stator coils with the two alternating currents with different
phases to generate two sets of magnetic fields which com-
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bine into one set of magnetic field sum so as to drive the
rotor. The magnetic field sum substantially has no ripples
and its change rate of rotation angle or movement is pro-
portional to the change rate of the phase angle of the two
alternating currents. Each of the two alternating currents has
a reference current value A and B respectively, and the
reference current values A and B are calculated by the
following equations:

B=R sin a/sin 0,

A=R cos a-R sin a cos 6/sin 0,

wherein o represents the included angle between the
magnetic field sum and the stator pole direction, 6
represents the angular distance between two adjacent
stator poles, R represents the magnetic field sum’s
strength, and 0 is smaller than 90 degrees.

The invention further discloses a method for generating
electric power with an AC motor generator. The AC motor
generator has a rotor, a stator and two sets of stator coils. The
rotor generates at least one set of rotating magnetic fields
when the rotor rotates, and each set of the rotating magnetic
fields drives the two sets of the stator coils, and generates
two phases of induction currents with 90 degrees of phase
difference in the two sets of stator coils. The angular distance
between two adjacent stator poles is less than 90 degrees. At
any time point, c is the included angle between the rotating
magnetic field and the stator pole direction, 0 is the angular
distance between two adjacent stator poles, and R is the
strength of a rotating magnetic field. Each of the two
induction currents has a reference current value A and B
respectively, and reference current values A and B are
calculated by the following the equations:

B=R sin a/sin 0,

A=R cos 0-R sin a cos 6/sin 6, wherein 0 is
smaller than 90 degrees.

In an embodiment of the invention discloses a two-phase
AC drive method for a motor, which applies two phases of
currents to drive the motor coils and generate two sets of
magnetic fields (vectors), and the two sets of magnetic fields
(vectors) are combined into one set of magnetic field sum
(vector sum) that rotates steadily and substantially has no
ripples (or has the smallest ripples), and the rotating mag-
netic field sum drives the rotor to rotate, so the anti-rotation
magnetic field vectors (vectors that are opposite to the
direction of rotation) or the invalid vectors that cancels each
other in a three-phase system are not generated, so as to save
the power.

In an embodiment of the invention discloses a two-phase
or multiphase motor drive method that drives a motor which
has more than four stator poles or has a stator pole pitch
which is smaller than 90 degrees. A control circuit controls
two-phase currents to drive the motor stator coils, and three
parameters are used for calculating current values. The first
parameter is the included angle between the rotating mag-
netic field sum and the stator pole direction, the second
parameter is the angular distance between two adjacent
stator poles, and the third parameter is the target strength of
the rotating magnetic field. Three parameters are applied to
the equations of the invention to calculate each phase
current’s value at any time point of the rotation, and the
calculated current values are used to drive the motor to
generate a substantially no-ripple (or smallest-ripple) and
steadily rotating magnetic field for the rotor. To control the
rotation of the motor, the control circuit uses real-time
calculation or lookup tables or other software or hardware
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techniques with the equations to get the respective reference
current values for any rotating position, so as to drive the
motor based on the respective reference current values to get
a substantially rippleless rotation.

In an embodiment of the invention discloses a power
generation method for an AC motor generator to generate
two-phase currents. The rotor of the AC motor generator
generates at least one set of rotating magnetic field when the
rotor rotates. Each set of the rotating magnetic field drives
at most two sets of stator coils at one time, and generates two
curved-triangle induction currents with 90 degrees in phase
difference in those two sets of stator coils with higher
efficiency.

As mentioned above, the invention uses two-phase cur-
rents with specially designed waveforms to drive motors
without generating invalid magnetic fields which is usually
generated in conventional multiphase sine-wave driven
motors, so as to save power. Also, the invention provides a
driving method for two-phase AC motors with more than
four stator poles or with a stator pole pitch of smaller than
90 degrees to generate substantially ripple free rotation, so
as to save power. Therefore, the invention can expand the
applications of the two-phase motors. Furthermore, the same
principle can be used reversely to generate power. When the
motor is used as a motor generator, each rotating magnetic
field generated by the rotating rotor of the motor generator
drives at most two sets of stator coils at one time, and
generates two curved-triangle currents. Accordingly, the
magnetic flux can be used to generate power more effi-
ciently.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will become more fully understood from
the detailed description and accompanying drawings, which
are given for illustration only, and thus are not limitative of
the present invention, and wherein:

FIG. 1A s a circuit diagram of a conventional three-phase
motor driver;

FIG. 1B is a schematic diagram that depicts a three-phase
sine-wave current waveform for driving a conventional
three-phase motor;

FIG. 1C is a vector diagram showing the three-phase
magnetic field vector sum and its components of a three-
phase sine-wave currents for a conventional motor;

FIGS. 2A to 2E show the magnetic field vector sum and
its components and the equation elements for calculating the
two-phase currents of the invention;

FIGS. 3A to 3E show the magnetic field vector sum and
its components and the equation elements for calculating the
two-phase currents of the invention;

FIGS. 4A to 4D are schematic diagrams that depict the
current waveforms of an embodiment of the invention for
driving a three-phase motor;

FIGS. 5 to 7 are schematic diagrams that depict the
current waveforms of some embodiments of the invention
for driving a multiphase motor;

FIG. 8 is a circuit diagram of a motor driver of an
embodiment of the invention;

FIG. 9 is a schematic diagram that depict the two-phase
current waveforms of an embodiment of the invention;

FIG. 10 is a schematic diagrams that depict a two-phase
twelve-stator-pole motor of an embodiment of the invention;
and
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FIG. 11 is a schematic diagrams that depict a conventional
three-phase six-stator-pole motor.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will be apparent from the following
detailed description, which proceeds with reference to the
accompanying drawings, wherein the same references refer
to the same elements.

The following descriptions are all based on concentrated
winding AC motors. Basically each stator tooth generates
one stator pole, but it is not to limit the invention to
concentrated winding motors. The drive method of the
invention still can be used with distributed winding motors.

FIG. 1A is a circuit diagram of a conventional three-phase
motor driver, the driver uses controller 93 to output Pulse
Width modulation (PWM) signals (PWM1~PWMSé) to con-
trol six (6) transistor switches (M1~M6) to generate three-
phase sine-wave currents (phase A, phase B and phase C) to
drive the motor 91 to rotate, and uses position detector 92 to
detect the rotor position of motor 91 and generates a position
signal feedback to controller 93.

Referring to FIG. 1B and FIG. 1C, the waveforms of a
conventional three-phase sine-wave currents for a motor is
shown in FIG. 1B. Please note that the strength of the
magnetic field sum R equals 1.5 all the time (with no
ripples). FIG. 1C shows the magnetic field vectors generated
by the three-phase sine-wave currents in FIG. 1B at the time
tl.

In FIG. 1B, at time t1 the three-phase currents A, B and
C generate the three magnetic field vectors Va, Vb and Vc
of FIG. 1C respectively. For example, in a six-stator-pole
motor, the included angle of the three vectors is 120 degrees.
At time t1 the Va has its maximum value, and Vb and V¢ are
negative. Vabc is the magnetic field vector sum of Va, Vb
and V¢, and Vabc rotates counterclockwise. In FIG. 1C, the
g-axis represents the axis perpendicular to the direction of
the magnetic field vector sum Vabc, and d-axis represents
the axis parallel to the direction of the vector sum Vabc. FIG.
1C shows that at time t1. Vb has a component Vb1 (points
to the right) on the g-axis, and Vc also has a component Vel
(points to the left) on the g-axis. The direction of Vbl is
opposite to the rotation. Therefore, Vb1 and Vel cancel each
other, so they are basically invalid magnetic field vectors,
and the currents used to generate Vb1 and Vcl are basically
wasted, which causes excessive power consumption and
redundant, useless and invalid magnetic fluxes.

Conventional method to drive a motor with no torque
ripples and high efficiency would be to use a 3-phase
sine-wave current to drive a three-phase motor, but three-
phase sine-wave currents generate three current vectors in
the motor with two invalid vector components at the g-axis
that cancels each other. The method of the present embodi-
ment can eliminate those invalid vector components and can
improve the motor efficiency for up to 30%. For instance,
three-phase currents A, B and C generate three current
vectors Va, Vb and Ve which are combined into a vector sum
Vabe. Va is at the center. Vb and Vc each respectively has a
component vector Vbl and Vcl at the g-axis with opposite
directions. Vb1l and Vcl cancels each other, which means
that Vb1 and Vcl are invalid vectors and their power is
wasted. To eliminate the vector cancellation, the method of
the present embodiment uses only two curved-triangle cur-
rents to drive the AC motor. In a multiphase system, two
phases out of multiphase are used. Or, in a two-phase
system, two curved-triangle currents are used to drive the
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6

motor, providing the same no-ripple rotation with higher
efficiency. The two curved-triangle currents are calculated
from two equations of the embodiment. The total power
consumption compared to a conventional three-phase sine-
wave system is improved by 30% (with a motor of 30-degree
stator pole pitch).

To eliminate the aforementioned vector cancellations in
the conventional three-phase sine-wave drive method, a
substantially two-phase (out of a multiphase) drive method
is proposed. FIGS. 2A~3E shows how the invention uses

two magnetic field vectors (A and B ) to combine into one
magnetic field vector sum (ﬁ ). FIG. 2A shows the contour
circle of the magnetic field vector sum R that rotates
counterclockwise, vector sum R is the sum of (magnetic)

vector A and (magnetic) vector B. Vector A along the
a-axis represents the magnetic flux vector generated from
the A-phase current driving the A-phase stator tooth. Vector

B along the b-axis represents the magnetic flux vector
generated from the B-phase current driving the B-phase
stator tooth. 0 is the included angle between the two mag-
netic pole centers of stator teeth of A-phase and B-phase
(angular distance of stator poles, stator pole pitch). In this
embodiment, 6 equals to 60 degrees, the angle o represents

the included angle between the vector sum R and the
direction of A-phase stator tooth’s magnetic pole (i.e. R vs.
a-axis). Four angle positions are shown as vector R rotates

from b-axis to a-axis (i.e. R approaching a-axis), and they
are =0, a=al, a=a2 and 0=0. FIG. 2B shows the four

respective positions of vector A in the A-phase waveform,
when the angle a changes from =0, a=al, c=a2 to a=0the

vector A changes from zero to R . FIG. 2C shows that
when a=0, vector A equals zero and vector B equals R.

When a=0, vector A equals R and vector B equals zero.
FIGS. 2D and 2E show that when o equals al and a2

respectively, vector R equals the sum of vector A and

vector B, and from the right triangle in the figure, we can
get the following equations:

R sin a=B sin 6

M

R cos a=A+B cos 0

@

From equations (1) and (2), we can get:

B = Rsina /sinf 3)

A = Rcosa — Beosf 4)

= Rcosa — Rsina cosf/ sinf

0 is the angular distance of adjacent stator poles (stator
pole pitch). o is the included angle between the rotating
magnetic field vector sum and the stator pole direction. R is

the strength of the magnetic field vector sum R . A is the
strength of A-phase magnetic field vector A. B is the

strength of B-phase magnetic field vector B. The induc-
tance of the stator coil is supposed to be L. Since the 0, R
are known values, and the A-phase and B-phase’s magnetic
field vectors are proportional to the A-phase and B-phase’s
currents in the coils respectively, therefore the equations (3)
and (4) can be used to represent the relations between the
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driving currents of A-phase and B-phase and the included
angle o. And, applying different a values to equations (3)
and (4), we can get the reference values of the respective
driving currents of A-phase and B-phase at different
included angles. Therefore, the controller of the AC motor
can get the reference current values A and B to generate the
actually required currents for A-phase and B-phase to drive
the AC motor. And when using such currents of A-phase and
B-phase according to the equations to drive the AC motor,
a steadily rotating and substantially no-ripple (or smallest-

8

are supposed to use concentrated windings), and a zero
current time is inserted in each phase currents to separate the
three phase currents, so that at any time there are no more
than two phase currents that are driving the motor, that
means different pairs of two phase currents are used in turn
to drive the motor, when any phase current is at its peak
value, the other phases of currents are substantially zero
(please refer to FIG. 4A at time t=nt/3~ t=27/3 & t=m), and so
as to avoid the vector cancellation and the invalid or useless
magnetic fields are eliminated or reduced to the lowest level,

i 10 50 the power can be saved. In Table 1 the phase A current
ripple) magnetic field vector sum R can be generated. And values along the time-axis from phase angle of zero to 180
the strength of the aforementioned magnetic vector sum degrees are listed, only the current values of the positive-half
R can be adjusted according to demands of user (such as cyql e are listed, t1.1e. negatlve-halfcycle (18().~360 degrees) 18
e ; omitted because it is symmetric to the positive-half cycle, in
multiplied by a value). And if the AC motor uses concen- L P
M - : 15 row 1 of Table 1 it is the phase angle of the driving current,
trated windings, the stator pole pitch 0 is equal to the angular . . i e ;
. . i.e. the time-axis, in row 2 it is the angle Alpha (o) which
distance between centers of adjacent stator slots, or equals to .
- . varies from zero to 60 degrees repeatedly, o represents the
the included angle of centers of adjacent stator teeth, or . A .
. . included angle between the direction of the magnetic field
equals to the angular distance between adjacent stator poles. . R
Lo L N sum and the salient direction of the stator pole, and when o
If the motor is using distributed windings, 6 equals to the : .
. - changes from zero to 60 degrees, it represents the included
angular distance between adjacent stator poles. 20 2 .
o angle’s change when the magnetic field sum rotates and
FIGS. 3A to 3E show the vector sum R rotating from directs from one stator tooth magnetic pole center to the
a-axis to the next b-axis. Please refer to the previous next, in row 3~5 are the phase A, B and C driving current
descriptions relating to FIGS. 2A to 2E, and the similar values calculated from the equations (3) and (4), in row 6 it
details are not repeated here. is the magnetic field sum’s strength calculated from the three
In the following Table 1 and in FIG. 4A to FIG. 4D are the 2 phase currents, the strength is kept at a value of 1.5 steadily
drive current table and the current waveform and vector as expected, in row 7 it is the calculated rotation angle of the
diagram for an embodiment according to the invention. The magnetic field sum, in a half-cycle time the direction
current values of each phase in Table 1 are shown and are changes and rotates steadily from -60 degrees to 120
calculated according to the equations (3) and (4). In Table 1 degrees (i.e. the magnetic field vector sum is rotating and its
the row “Phase A”, “Phase B” and “Phase C” are the 30 rotation angle is increasing or decreasing with a change rate
reference current values for the A, B and C phases, wherein proportional to the change rate of the phase angle of the
the stator pole pitch is 60 degrees (0=60 degrees), the power source). In other words, the magnetic field sum’s
magnetic field sum strength is 1.5 (R=1.5), and the magnetic strength substantially has no ripples (i.e. with the theoretical
field included angle o varies from zero to 60 degrees to ideal values it can be completely ripple free), and its change
calculate the driving currents for a three-phase, six-stator- rate of rotation angle or movement is proportional to the
pole and 60-degree stator pole pitch motor (the motor coils change rate of the phase angle of the driving currents.
TABLE 1
1 phase 0 5 10 15 20 25 30
angle
2 Alpha 60 55 50 45 40 35 30
3 Phase A 0 0.151 03008  0.4483 05924 0732  0.866
4  Phase B 0 0 0 0 0 0 0
5 PhaseC  -1500  -1419  -1327  -1225  -1113  -0.993 -0.866
6  Strength 1.500 1.500 1.500 1.500 1.500 1500 1.500
of the
magnetic
field sum
7 Rofation -60.00  -5500  -50.00  -4500  -40.00  -35.00 -30.00
angle of
the
magnetic
field sum
1 phase 35 40 45 50 55 60
angle
2 Alpha 25 20 15 10 5 0
3 Phase A 0.9935 11133 12247 13268 14188 15
4  Phase B 0 0 0 0 0 0
5 PhasseC  -0732  -0592 0448  -0301  -0.151 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
field sum
7 Rofation -2500  -2000  -1500  -10.00 -5.00 0.00
angle of
the
magnetic
field sum
1 phase 65 70 75 80 85 90

angle
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TABLE 1-continued
2 Alpha 5 10 15 20 25 30
3 Phase A 1.4188 1.3268 1.2247 1.1133 0.9935 0.866
4  Phase B 0.151 0.3008 0.4483 0.5924 0.732 0.866
5 Phase C 0 0 0 0 0 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 5.00 10.00 15.00 20.00 25.00 30.00
angle of
the
magnetic
fleld sum
1 phase 95 100 105 110 115 120
angle
2 Alpha 35 40 45 50 55 60
3 Phase A 0.732 0.5924 0.4483 0.3008 0.151 0
4  Phase B 0.9935 1.1133 1.2247 1.3268 1.4188 1.5
5 Phase C 0 0 0 0 0 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 35.00 40.00 45.00 50.00 55.00 60.00
angle of
the
magnetic
fleld sum
1 phase 125 130 135 140 145 150
angle
2 Alpha 55 50 45 40 35 30
3 Phase A 0 0 0 0 0 0
4  Phase B 1.4188 1.3268 1.2247 1.1133 0.9935 0.866
5 Phase C 0.151 0.301 0.448 0.592 0.732 0.866
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 65.00 70.00 75.00 80.00 85.00 90.00
angle of
the
magnetic
fleld sum
1 phase 155 160 165 170 175 180
angle
2 Alpha 25 20 15 10 5 0
3 Phase A 0 0 0 0 0 0
4  Phase B 0.732 0.5924 0.4483 0.3008 0.151 0
5 Phase C 0.993 1.113 1.225 1.327 1.419 1.500
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 95.00 100.00 105.00 110.00 115.00 120.00
angle of
the
magnetic
fleld sum

In FIGS. 4A to 4D, the waveforms and vectors are shown
according to the embodiments of the disclosure. FIG. 4A are
current waveforms drawn from the current values in Table 1
according to the first embodiment of the invention, including
the phase A current 3a, phase B current 35, phase C current
3¢, the strength 34 of the magnetic field sum and the rotation
angle 3e of the magnetic field sum. Please refer to the center
horizontal time axis X, the phase A current 3a is a positive
curved-triangle current at time t=0 to 27t/3 (drawn according
to the current values in row 3 of Table 1), and zero current
at time t=271/3 to m, and a negative curved-triangle current at
time t=x to 5rt/3, and zero current at time t=51t/3 to 27. The
phase B current is lagged for 17/3 to the phase A current. The
phase C current is lagged for 27t/3 to the phase A current. In

55

60

65

one cycle time of 27, the magnetic field sum angle 3e rotates
steadily from -60 to 300 degrees (please refer to the right
side Y axis scale). The magnetic field sum strength 3d is kept
at a strength of 1.5 (please refer to the left side Y axis scale).
From FIG. 4A, the driving waveform according to the
embodiment comprises a current waveform with a curved-
triangle shape (triangle with two curved sides) and a zero
current period. The current waveform of the embodiment is
referred as a “curved-triangle” waveform, and it is charac-
terized in that its rising and falling slopes fall between a
sine-wave and a triangle-wave of the same peak point. In
this embodiment, in the three-phase currents, at any time
there are at most only two phases of currents are overlapped
in time, which means at any time there is only two phases
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of currents at most that are outputting to drive the motor
stator coils. Meanwhile, the rest phases of currents are
substantially zero or being shut off, and different two phases
of currents are sequentially grouped into a series of two-
phase pairs and driving the motor coils pair by pair. For
example, in FIG. 4A, from left to right there are two-phase
current pairs of (-C,A), (A,B), (B,C), (C,-A), (-A,-B), and
(-B,-C). These two-phase pairs all drive the motor one by
one with overlap. Each phase’s positive current time is
overlapped with another phase’s positive current time. The
first phase’s (phase A's) positive-rising current time is over-
lapped with the last phase’s (phase C's) negative current
time (i.e. -C & A), and the last phase’s (phase C's) positive-
falling current time is overlapped with the first phase’s
(phase A's) negative current time (i.e. C & -A). At least one
phase’s (phase B's in this case) positive current time (ex.
phase B's 17t/3~x time) is only overlapped with the positive
current time of its preceding and succeeding phases (i.e.
phase A & C), and the at least one phase’s (phase B's)
negative current time (ex. phase B's 4m/3~2m time) is
overlapped only with the negative current time of its pre-
ceding and succeeding phases (i.e. phase A & C). For
example, in the phase B current 35 in FIG. 4A, the positive
current time is from 17t/3 to s, and the time 17t/3 to 2m/3 is
overlapped with the preceding phase A's positive current
time (i.e. group A,B), and the time 27/3 to = is overlapped
with the succeeding phase C's positive current time (i.e.
groups B and C). The negative current time is symmetric to
the positive time, forming the two overlapped time sets of
(-A,-B) and (-B,-C). Since the magnetic field vector sum of
the embodiment uses the sum of only two phases of mag-
netic field vectors, the mutual cancellation of multiphase
vectors resulted from the invalid anti-rotation magnetic
fields (vectors) is eliminated or reduced. So, in a multiphase
(three phases or more) system, the current used to generate
the invalid magnetic fields is therefore saved. Both the
copper loss and iron loss are also reduced and the goal of
saving power is achieved.

FIGS. 4B to 4D show the magnetic field vector sum at
three different time points of FIG. 4A. Phase A current 3a
generates the magnetic vector Va. Phase B current 35
generates the magnetic vector Vb. Va and Vb are combined
to form the magnetic field vector sum Vabc. FIG. 4B shows
that at time t=n/3, the included angle between the magnetic
field vector sum Vabce and the a-axis is 60 degrees, the Vb
equals zero, and Vabce equals Va. FIG. 4C shows that at time
t=m/2, the included angle between the magnetic field vector
sum Vabc and the a-axis is 90 degrees, and Vabc equals the
sum of Va and Vb, and Vb has two components Vbl and
Vb2. FIG. 4D shows that at time t=2n/3, the included angle
between the magnetic field vector sum Vabce and the a-axis
is 120 degrees, the Va equals zero, and Vabc equals Vb.
During rotation, the strength of Vabc is always kept at 1.5.
FIGS. 4B to 4D show that, during the rotation of the
magnetic field vector sum Vabce, the mutual vector cancel-
lation is reduced to the lowest level, which means the invalid
magnetic fields are at the lowest level, and the wasted
current is saved.

Please also compare the waveform in FIG. 4A and the sine
wave in FIG. 1B. If in FIG. 1B the sine wave’s peak value
is 1, the strength of the magnetic field sum of the three-phase
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sine-wave currents equals to 1.5L (L is the coil’s induc-
tance). So, for the embodiment, if the curved-triangle cur-
rent’s peak value is set to 1.5 (as shown in FIG. 3B), we can
generate the same magnetic field sum strength (i.e. 1.5L) as
the conventional three-phase sine waves of an amplitude 1.0
in FIG. 1B. The current consumption of the curved-triangle
waveform is equal to its area. As we sum up the phase A's
half-cycle current values in row 3 of Table 1 and compare
the sum with the half-cycle sine-wave current’s sum, the
result shows that the average of the curved-triangle wave-
form currents are lower. It means that, according to the
embodiment, with the same torque output, a 60-degree stator
pole pitch (six-stator-pole) three-phase motor can save
power. The copper loss (I°R) from the driving current and
the iron loss from the magnetic flux in the motor could also
be reduced as compared to a conventional sine-wave driven
motor.

Considering in the vector space, when using three or more
phases as the power source, in an embodiment of the
disclosure only two phase vectors are used to replace the
original three or more phase vectors to sum up a vector sum.
At any time there are only two of the multiphase currents are
used to generate the phase vectors to combine and sum up.
Because the vector length represents the current value, and
when using two vectors to sum up the same vector sum, the
total length of the two phase vectors is shorter than the three
(or more) phase vectors (under the condition of the same
stator pole pitch). The length difference can be taken as the
current saved. Therefore, it means that, with two vectors,
less current is required to generate the same magnetic vector
sum of the same strength and rotating as steadily (substan-
tially with no ripples) as in a conventional multiphase motor.
For two-phase motors, in an embodiment of the disclosure,
two curved-triangle phase currents are used to replace the
conventional sine-wave currents to drive a motor with a
smaller stator pole pitch. It is shown that, compared to
two-phase sine-wave currents with 90-degree stator pole
pitch, lesser current is required to generate the same mag-
netic strength whereas the same steady and substantially
no-ripple rotation is still kept. The two-phase motors now
can have a stator pole pitch of less than 90 degrees (i.e. it’s
no longer limited to 90 degrees), and the number of stator
poles can be greater than 4. And, still the magnetic field sum
can be kept at the same strength and rotate steadily and
substantially without ripples.

The following Table 2 shows a current table of an
embodiment of the disclosure that is used to drive a three-
phase motor with a stator pole pitch of 30 degrees or with
twelve stator poles. FIG. 5 shows the curved-triangle wave-
forms according to the data of Table 2. Table 2 is similar to
Table 1, but has a different stator pole pitch of 30 degrees,
which means two different phases of curved-triangle cur-
rents generate two magnetic field vectors with an included
angle of 30 degrees. Comparing the average of the curved-
triangle currents with the average of sine-wave currents, the
required drive currents are lower. And, after comparing the
data in Table 2 and Table 1, it is shown that smaller stator
pole pitch leads to a smaller current. This result can be
expected and seen from the equation (3) and (4), and
reduced copper loss and iron loss and motor heat could also
be expected.

TABLE 2
1 phase 0 5 10 15 20 25 30
angle
2 Alpha 30 27.5 25 22.5 20 17.5 15
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TABLE 2-continued
3 Phase A 0 0.1309 0.2615 0.3916 0.5209 0.6493 0.7765
4  Phase B 0 0 0 0 0 0
5 Phase C -1.500 -1.385 -1.268 -1.148 -1.026 -0.902 -0.776
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation -30.00 -27.50 -25.00 -22.50 -20.00 -17.50 -15.00
angle of
the
magnetic
fleld sum
1 phase 35 40 45 50 55 60
angle
2 Alpha 12.5 10 7.5 5 2.5 0
3 Phase A 0.9021 1.0261 1.1481 1.2679 1.3852 1.5
4  Phase B 0 0 0 0 0 0
5 Phase C -0.649 -0.521 -0.392 -0.261 -0.131 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation -12.50 -10.00 -7.50 -5.00 -2.50 0.00
angle of
the
magnetic
fleld sum
1 phase 65 70 75 80 85 90
angle
2 Alpha 2.5 5 7.5 10 12.5 15
3 Phase A 1.3852 1.2679 1.1481 1.0261 0.9021 0.7765
4  Phase B 0.1309 0.2615 0.3916 0.5209 0.6493 0.7765
5 Phase C 0 0 0 0 0 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 2.50 5.00 7.50 10.00 12.50 15.00
angle of
the
magnetic
fleld sum
1 phase 95 100 105 110 115 120
angle
2 Alpha 17.5 20 22.5 25 27.5 30
3 Phase A 0.6493 0.5209 0.3916 0.2615 0.1309 0
4  Phase B 0.9021 1.0261 1.1481 1.2679 1.3852 1.5
5 Phase C 0 0 0 0 0 0
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 17.50 20.00 22.50 25.00 27.50 30.00
angle of
the
magnetic
fleld sum
1 phase 125 130 135 140 145 150
angle
2 Alpha 27.5 25 22.5 20 17.5 15
3 Phase A 0 0 0 0 0 0
4  Phase B 1.3852 1.2679 1.1481 1.0261 0.9021 0.7765
5 Phase C 0.131 0.261 0.392 0.521 0.649 0.776
6  Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the
magnetic
fleld sum
7  Rotation 32.50 35.00 37.50 40.00 42.50 45.00
angle of
the
magnetic
fleld sum
1 phase 155 160 165 170 175 180
angle
2 Alpha 12.5 10 7.5 5 2.5 0
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TABLE 2-continued
3 Phase A 0 0 0 0 0 0
4 Phase B 0.6493 0.5209 0.3916 0.2615 0.1309 0
5 Phase C 0.902 1.026 1.148 1.268 1.385 1.500
6 Strength 1.500 1.500 1.500 1.500 1.500 1.500
of the

magnetic

fleld sum
7  Rotation  47.50 50.00 52.50 55.00 57.50 60.00

angle of

the
magnetic
fleld sum

FIG. 6 shows the four-phase curved-triangle current
waveform of an embodiment according to the disclosure
which is used to drive a four-phase AC motor with a stator
pole pitch of 30 degrees and twelve stator poles. The
four-phase curved-triangle currents must have a peak of 2.0
to generate the same magnetic field strength of three-phase
sine-wave currents with a peak of 1.0. Comparing with the
average three-phase sine-wave currents, the required drive
currents are lower.

FIG. 7 shows the curved-triangle waveform of an embodi-
ment of the disclosure which is used to drive a two-phase AC
motor with a stator pole pitch of 30 degrees and twelve stator
poles. A two-phase twelve-slot AC motor has six pairs of
stator teeth, and a three-phase twelve-slot AC motor has only
4 pairs of stator teeth (6:4=1.5:1). Both motors all have
twelve stator coils. So, the two-phase curved-triangle cur-
rents can generate the same magnetic field sum strength of
a three-phase sine-wave currents with the same peak current
value (i.e. have the same peak current value of 1.0). Com-
paring with the three-phase sine-wave currents, the power
saving rate of the two-phase curved-triangle currents is
about 30%. Furthermore, according to the reasons men-
tioned above, with the same torque output, the power
consumption of a conventional two-phase sine-wave four-
stator-pole (or 90-degree-stator-pole-pitch) motor is 1.5
times of a sine-wave three-phase six-stator-pole motor. The
method of the embodiment not only can make a more-than-
four-stator-pole two-phase motor to have a rippleless rota-
tion, but also can make the two-phase motor to use lesser
power than a three-phase sine-wave motor while generating
the same torque output.

Please refer to FIGS. 4A, 5, 6 and 7. When using more
than three phases of currents as the power source, a zero
current time is inserted to each half cycle of each phase
current so that at any time no more than two phases currents
are outputting to drive the motor. So, in a driving cycle of
each phase current, there are one curved-triangle current
time and one zero current time in each positive-half or
negative-half cycle time. Or, in each half cycle there is a zero
current time. For example, if the multiphase power source
has N phases, in each half cycle time of each phase current,
the curved-triangle current occupies 2/N of the half cycle
time, and the rest (N-2)/N of the half cycle time is zero
current. So, in a three-phase power source, each phase
current has a zero current time of (3-2)/3=1/3 of its half-
cycle time. In a four-phase power source, each phase current
has a zero current time of (4-2)/4=1/2 of its half-cycle time.
For a two-phase power source the zero current time is zero
(2-2)/2=0, which means it’s only a zero crossing point of the
current (no need to insert any zero current time). When any
phase current is at its peak value, the other phase currents are
substantially zero.
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From the embodiments depicted in FIGS. 4A, 5, 6 and 7,
two different phases of currents are sequentially grouped
into phase pairs to drive the motor. If the power source has
N phases, the phase difference between the phase currents is
180/N. For example, in FIG. 4A, the three curved-triangle
phase currents A, B and C have a phase difference of
180/3=60 degrees between them. In FIG. 6, the four curved-
triangle phase currents A, B, C and D have a phase differ-
ence of 180/4=45 degrees. In FIG. 7, the two curved-triangle
phase currents A and B have a phase difference of 180/2=90
degrees.

From the embodiments depicted in FIGS. 4A, 5 and 6,
when N phases of currents are used to drive the motor, two
different phases of currents are sequentially grouped into a
series of phase pairs and driving the motor pair by pair. Each
phase current’s positive current time is overlapped with
another phase current’s positive current time, the first
phase’s (Phase A) positive-rising current time is overlapped
with the last phase’s (Phase N) negative current time. The
last phase’s (Phase N) positive-falling current time is over-
lapped with the first phase’s (Phase A) negative current time.
And, when measured along the same coil winding direction
of adjacent stator coils, except the first phase A and the last
phase N, there are at least N-2 phases’ (Phase B to Phase
N-1) positive current time is only overlapped with its
preceding and succeeding phases’ positive current time. And
the N-2 phases’ (Phase B to Phase N-1) negative current
time is only overlapped with its preceding and succeeding
phases’ negative current time. For example, in FIG. 4A,
(where N=3) the phase A, B and C's positive current time is
two by two overlapped. Phase A's positive-rising current
time is overlapped with phase C's negative current time, and
phase C's positive-falling current time is overlapped with
phase A's negative current time. At least one (N-2=3-2=1)
phase’s (i.e. phase B's) positive current time is only over-
lapped with its preceding phase A's and its succeeding phase
C's positive current time, and phase B's negative current
time is only overlapped with its preceding phase A's and its
succeeding phase C's negative current time.

FIG. 8 shows a circuit diagram for a three-phase curved-
triangle current driver of an embodiment of the invention.
Comparing to the conventional driver circuits as shown in
FIG. 1A, in order to generate the curved-triangle current of
the invention, two driving signals PWM?7 and PWMS8 and
two transistor switches M7 and M8 are added to the circuits
depicted in FIG. 8, and the transistor switches’ outputs are
connected to the center of the Y-connected stator coils of the
motor 91. So, the circuits can now provide two phases of
positive current and/or negative current at the same time,
and meanwhile force the third phase to output zero current.

Furthermore, three back-EMF detectors Sa, Sb and Sc are
added to the circuits depicted in FIG. 8. The three back-EMF
detectors are connected to phase A, B and C's coils, and
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output the detected back-EMF signals S1, S2 and S3 respec-
tively to the control circuit (i.e. controller 93 in FIG. 8). The
detectors Sa, Sb and Sc can detect the back-EMF from the
coils during the zero current time of the stator coils, so the

controller 93 can estimate the rotor’s position with the 5

detected back-EMF, and to use the position data as a
parameter to modify the driving currents. The controller 93
performs real-time calculation or uses look-up tables or
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other software or hardware techniques with the equations (3)
and (4) of the invention to get the current values, and drives
the motor based on the current values.

In the following Table 3, a reference current value table
for a two-phase twelve-stator-pole motor of an embodiment
of'the invention is listed. The reference values of each phase
are shown and are calculated according to the equations (3)
and (4).

TABLE 3
1 phase 0 5 10 15 20 25 30
angle
2 Alpha 0 1.6667 3.3333 5 6.6667 8.3333 10
3 Phase A 0 0.0291 0.0581 0.0872 0.1161 0.1449 0.1736
4 Phase B -0.5 -0.475 -0.449 -0.423 -0.396 -0.369 -0.342
5 Strength 0.50 0.500 0.500 0.500 0.500 0.500 0.500
of the
magnetic
fleld sum
6  Rotation -30 -28.33 -26.67 -25.00 -23.33 -21.67 -20.00
angle of
the
magnetic
fleld sum
1 phase 35 40 45 50 55 60
angle
2 Alpha 11.667 13.333 15 16.667 18.333 20
3 Phase A 0.2022 0.2306 0.2588 0.2868 0.3145 0.3420
4 Phase B -0.315 -0.287 -0.259 -0.231 -0.202 -0.174
5 Strength 0.500 0.500 0.500 0.500 0.500 0.500
of the
magnetic
fleld sum
6  Rotation -18.33 -16.67 -15.00 -13.33 -11.67 -10.00
angle of
the
magnetic
fleld sum
1 phase 65 70 75 80 85 90
angle
2 Alpha 21.667 23.333 25 26.667 28.333 30
3 Phase A 0.3692 0.3961 0.4226 0.4488 0.4746 0.5
4 Phase B -0.145 -0.116 -0.087 -0.058 -0.029 0
5 Strength 0.500 0.500 0.500 0.500 0.500 0.500
of the
magnetic
fleld sum
6  Rotation -8.33 -6.67 -5.00 -3.33 -1.67 0.00
angle of
the
magnetic
fleld sum
1 phase 95 100 105 110 115 120
angle
2 Alpha 1.6667 3.3333 5 6.6667 8.3333 10
3 Phase A 0.4746 0.4488 0.4226 0.3961 0.3692 0.3420
4 Phase B 0.0291 0.0581 0.0872 0.1161 0.1449 0.1736
5 Strength 0.500 0.500 0.500 0.500 0.500 0.500
of the
magnetic
fleld sum
6  Rotation 1.67 3.33 5.00 6.67 8.33 10.00
angle of
the
magnetic
fleld sum
1 phase 125 130 135 140 145 150
angle
2 Alpha 11.667 13.333 15 16.667 18.333 20
3 Phase A 0.3145 0.2868 0.2588 0.2306 0.2022 0.1736
4 Phase B 0.2022 0.2306 0.2588 0.2868 0.3145 0.3420
5 Strength 0.500 0.500 0.500 0.500 0.500 0.500
of the
magnetic

fleld sum
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TABLE 3-continued

20

6  Rotation
angle of

the
magnetic
fleld sum

11.67 13.33 15.00 16.67 18.33

20.00

1 phase 155 160 165 170 175
angle
Alpha

Phase A

Phase B

Strength
of the

magnetic

fleld sum

6  Rotation

angle of
the
magnetic

fleld sum

21.667
0.1449
0.3692
0.500

23.333
0.1161
0.3961
0.500

25
0.0872
0.4226
0.500

26.667
0.0581
0.4488
0.500

28.333
0.0291
0.4746
0.500

oW N

21.67 23.33 25.00 26.67 28.33

180

30

0.500

30.00

In Table 3, the values in the row 3 “Phase A” and in the
row 4 “Phase B” are the reference current values for the A
and B phases, respectively. In the present embodiment, the
stator pole pitch is 30 degrees (8=30 degrees), the magnetic
field sum strength is 0.5 (R=0.5), and the magnetic field
included angle a varies from zero to 30 degrees (a=0~30).
These parameters are used to calculate the driving currents
for a two-phase, twelve-stator-pole and 30-degree stator
pole pitch AC motor (and the motor coils are supposed to use
concentrated windings).

In Table 3, the phase A current values along the time-axis
from phase angle of zero to 180 degrees are listed. Only the
current values of the positive-half cycle are listed, and the
negative-half cycle (180~360 degrees) is omitted because it
is symmetric to the positive-half cycle. The values in row 1
of Table 3 are the phase angles of the driving current, i.e. the
time-axis. The values in row 2 are the angles Alpha (o)
which varies from zero to 30 degrees repeatedly. a repre-
sents the included angle between the direction of the mag-
netic field sum and the salient direction of the stator pole.
When o changes from zero to 30 degrees, it represents the
changing of the included angles during the rotation of the
direction of the magnetic field sum from one stator tooth
magnetic pole center to the next. The values in row 3 and 4
are the reference values of driving current phase A and B
respectively calculated from the equations (3) and (4). The
values in row 5 are the strength of the magnetic field sum
calculated from the three phase currents. The strength is kept
at a value of 0.5 steadily as expected. The values in row 6
are the calculated rotation angles of the magnetic field sum.
In a half-cycle time, the rotation angle changes and rotates
steadily from -30 degrees to 30 degrees (i.e. rotates 120
degrees in one cycle). It means the magnetic field vector sum
rotates and its rotation angle is increasing or decreasing with
a change rate proportional to the change rate of the phase
angle of the power source. In other words, the strength of the
magnetic field sum substantially has no ripples (i.e. with the
theoretical ideal values it can be completely ripple free), and
its change rate of rotation angle or movement is proportional
to the change rate of the phase angle of the two-phase
currents.

Since the magnetic field vector sum of the invention
comes from the sum of only two phases of magnetic field
vectors, the mutual cancellation of conventional three-phase
vectors resulted from the invalid anti-rotation magnetic
fields (vectors) is eliminated or reduced. So, in a multiphase
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(three phases or more) system, the current used to generate
the invalid magnetic fields is saved, and therefore the power
is saved.

In another embodiment of the disclosure, the two-phase
currents are used to drive an AC motor with twelve stator
teeth. FIG. 9 is the current waveform drawn from the current
values in Table 3 according to the embodiment of the
disclosure, including the phase A current 9a, phase B current
9b, the strength 94 of the magnetic field sum, and the
rotation angle 9¢ of the magnetic field sum. Please compare
the two-phase curved-triangle waveform in FIG. 9 and the
three-phase sine-wave in FIG. 1B. It is supposed that they
are used to drive an AC motor with twelve stator teeth. In the
two-phase system of FIG. 9, each phase current drives three
stator coils, and there are 3*2 phases =6 stator coils in total
(referring to FIG. 10). On the other hand, in the three-phase
system of FIG. 1B, each phase current drives two stator
coils, and there are also 2*3 phases =6 stator coils in total
(referring to FIG. 11). In FIG. 1B, each phase’s sine-wave
current’s peak value is one (1), and the current distributed to
each stator coil is 0.5 (0.5%2=1). The strength of the mag-
netic field sum of the three-phase sine-wave currents from
the six stator coils is equal to 1.5L (FIG. 11, L is the coil’s
inductance). In FIG. 9, the two-phase curved-triangle cur-
rent’s peak value is 0.5, and the 2-phase 6 stator coils can
generate 3 rotating magnetic fields. The total rotating mag-
netic field sum is 0.5L.*3=1.5L (see FIG. 10). So, with the
two-phase curved-triangle currents depicted in FIG. 9, we
can generate the equivalent total magnetic field sum (i.e.
1.5L) as the conventional three-phase sine-wave currents of
amplitude 1.0 in FIG. 1B.

Furthermore, in FIG. 1B, the input power of the three-
phase sine-wave system is proportional to the sum of the
square of the sine-wave currents in the six stator coils
(sine-wave 0.5%0.5*6). In FIG. 9, the input power of the
two-phase curved-triangle system is proportional to the sum
of the square of the curved-triangle currents in the six stator
coils (curved-triangle 0.5%0.5%6). So, by comparing the
square of the curved-triangle current values in Table 3 with
the square of the sine-wave current (both have the same peak
current of 0.5), the estimated power saving rate of the
embodiment would be 30%. In addition, for a conventional
two-phase motor with a stator pole pitch of 90 degrees and
four stator poles, the power required is 1.5 times of a
conventional three-phase motor for generating the same
torque output. Accordingly, the method of the present
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embodiment not only can make a more-than-four-stator-pole
two-phase AC motor to generate ripple free rotation, it also
can improve a two-phase AC motor to have a higher
efficiency than a three-phase AC motor while the torque
output are kept the same.

From FIG. 9, the method of the embodiment of the
disclosure uses two-phase currents to drive the AC motor,
and the phase difference between the two curved-triangle
currents is 90 degrees.

Furthermore, in many applications, motors are also used
reversely as a motor generator to generate power. The
principles of driving AC motors of the present disclosure
could also be used to generate power reversely and more
efficiently. When generating power with the invention, each
rotating magnetic field generated from the rotation of the
rotor drives at most two sets of coils, and induces two phases
of curved-triangle currents with 90 degrees of phase differ-
ence in the coils. Please refer to FIGS. 2A to 3E, as R is the
rotating magnetic field. When R is rotating, the induced
currents of phase A and B are generated in the two sets of
coils. At a time point when the included angle between the
rotating magnetic field R and the motor stator pole direction
is a, and the angular distance of two adjacent stator poles is
0, and the magnetic field strength is R, the reference values
A and B of the induction currents in the two coils can be
calculated with the equations (3) and (4). Therefore, with the
same principles of the disclosure, the AC motor or the AC
motor generator can be used to generate power more effi-
ciently.

In summary, the driving method of the disclosure can
reduce or eliminate the invalid magnetic flux generated in
the conventional multiphase motors. It is low cost, easy to
implement, and saves power. When the method of the
disclosure is used in two-phase AC motors in which the
stator pole number is no longer limited to four or the stator
pole pitch is smaller than 90 degrees, no magnetic field
ripples are generated, and lesser power is required than a
conventional three-phase sine-wave driven motor. So, the
method of the present disclosure can expand the applications
of two-phase motors. It is also possible to replace the
three-phase motors in a cost effective way. When the method
of the disclosure is used in an AC motor generator to
generate power, the magnetic flux can be used more effi-
ciently and the generator efficiency is improved.

Although the invention has been described with reference
to specific embodiments, this description is not meant to be
construed in a limiting sense. Various modifications of the
disclosed embodiments, as well as alternative embodiments,
will be apparent to persons skilled in the art. It is, therefore,
contemplated that the appended claims will cover all modi-
fications that fall within the true scope of the invention.

What is claimed is:

1. A method for driving an AC motor with alternating
currents, wherein a controller uses software or hardware or
software/hardware techniques to generate at least two alter-
nating currents with different phases to drive the AC motor,
the AC motor has a rotor, a stator and at least two sets of
stator coils, the stator generates a plurality of stator poles
when the stator coils are energized, the angular distance
between two adjacent stator poles is smaller than 90 degrees,
the method comprising:

driving the two sets of stator coils with the two alternating

currents to generate two sets of magnetic fields which
combine into one set of magnetic field sum so as to
drive the rotor,

wherein the magnetic field sum substantially has no

ripples and its change rate of rotation angle or move-
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ment is proportional to the change rate of the phase
angle of the two alternating currents,
wherein each cycle of each of the two alternating currents
has a positive half cycle and a negative half cycle, the
positive half cycle comprises a positive curved-triangle
current waveform, and the negative half cycle com-
prises a negative curved-triangle current waveform,

wherein said positive or negative curved-triangle current
waveform represents a current waveform with its rising
slope and falling slope fall between a sine-wave current
waveform and a triangle-wave current waveform of the
same peak point.

2. The method of claim 1, wherein each of said two
alternating currents has a reference current value A and B
respectively, and the reference current value A and B are
calculated by the following equations:

B=R sin a/sin 0,

A=R cos a-R sin acos 6/sin 0,

wherein a represents an included angle between the
magnetic field sum and a stator pole direction, 6
represents an angular distance between two adjacent
stator poles, and R represents the strength of the
magnetic field sum, and 6 is smaller than 90 degrees.

3. The method of claim 2, wherein a positive or negative
reference current value of the two alternating currents with
different phases at a specific time is calculated with the
included angle a, the angular distance 0, and a required
strength R of the magnetic field sum.

4. The method of claim 3, wherein the included angle a
varies with time, 6 and R are known values, and the
controller uses real-time calculation or lookup tables or
other software or hardware techniques based on the said
equations to get the reference current values A and B of the
two alternating currents respectively.

5. The method of claim 1, wherein when the controller
generates a multiphase output of more than two phases, at
any time only two phases of the multiphase output provides
currents to the motor.

6. The method of claim 1, wherein the phase difference
between the two alternating currents are 90 degrees.

7. A method for driving an AC motor with alternating
currents, wherein a controller uses software or hardware or
software/hardware techniques to generate at least two alter-
nating currents with different phases to drive the AC motor,
the AC motor has a rotor, a stator and at least two sets of
stator coils, the stator generates a plurality stator poles when
the stator coils are energized, and the angular distance
between two adjacent stator poles is smaller than 90 degrees,
the method comprising:

driving the two sets of stator coils with the two alternating

currents to generate two sets of magnetic fields which
combine into one set of magnetic field sum so as to
drive the rotor,

wherein the magnetic field sum substantially has no

ripples and its change rate of rotation angle or move-
ment is proportional to the change rate of the phase
angle of the two alternating currents, each of the two
alternating currents has a reference current value A and
B respectively, and the reference current values A and
B are calculated by the following equations:

B=R sin a/sin 0,

A=R cos a-R sin a cos 6/sin 0,
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wherein o represents an included angle between the
magnetic field sum and a stator pole direction, 6
represents the angular distance between two adjacent
stator poles, R represents the strength of the magnetic
field sum, and 6 is smaller than 90 degrees.

8. The method of claim 7, wherein a positive or negative
reference current value of the two alternating currents at a
specific time is calculated with the included angle a, the
angular distance 0, and the required strength R of the
magnetic field sum.

9. The method of claim 8, wherein the angle a varies with
time, 0 and R are known values, the controller uses real-time
calculation or lookup tables or other software or hardware
techniques based on the said equations to get the reference
current values A and B of the two alternating currents
respectively.

10. A method for generating electric power with an AC
motor generator, wherein the AC motor generator comprises
a rotor, a stator and two sets of stator coils, the rotor
generates at least one set of rotating magnetic fields when
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the rotor rotates, and each set of the rotating magnetic fields
drives the two sets of the stator coils, and generates two
phases of induction currents with 90 degrees of phase
difference in the two sets of stator coils, the angular distance
between two adjacent stator poles is less than 90 degrees,
wherein at any time point, o is an included angle between
each set of the rotating magnetic fields and a stator pole
direction, 0 is the angular distance between two adja-
cent stator poles, and R is the strength of a rotating
magnetic field, each of the two induction currents has
a reference current value A and B respectively, and
reference current values A and B are calculated by the
following the equations:

B=R sin a/sin 0,

A=R cos a-R sin a cos 6/sin 0,

wherein 0 is smaller than 90 degrees, o varies with time,
and 0 and R are known values.
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